The Satellite per Astronomia X (BeppoSAX) is successfully producing small error boxes to gamma-ray bursts, permitting rapid follow-up multiwavelength searches for fading and quiescent counterparts. For GRB 970228 this led to the discovery of the first convincing fading counterpart. However, no counterpart was found for GRB 970111. In this Letter, we present our observations approximately 1 week after GRB 970228 and 1 month after GRB 970111 using the Berkeley-Illinois-Maryland Association (BIMA) array at 3.5 mm. No fading millimeterwave sources were detected, but we demonstrate that BIMA is well suited for performing future searches.
INTRODUCTION
A significant problem for the study of gamma-ray bursts (GRBs) has been the lack of prompt, accurate locations to look for quiescent or fading counterparts; see Hudec (1995) , Greiner (1995) , and Vrba (1996) for reviews of the counterpart searches prior to 1997. The recent successful operation of the Satellite per Astronomia X (BeppoSAX) has greatly improved this situation.
The second BeppoSAX burst was bright: this was seen 1997 January 11.406 (GRB 970111; Costa et al. 1997a) . Combining the initial BeppoSAX data with the burst arrival times at other satellites produced an error box of 120Ј ϫ 5Ј (Hurley et al. 1997a) . Pointed X-ray observations found an X-ray source inside this error box (Butler et al. 1997; Frontera et al. 1997) . A highly unusual radio source (VLA J1528.7ϩ1945) was found at this location, whose flux density dropped by a factor of 2 over the month following the burst (Frail et al. 1997a ). However, a further seven-fold reduction in the size of the gamma-ray error box put this interesting source well outside of it (in't Zand et al. 1997; Hurley et al. 1997b) . No flaring or fading sources were found in this smaller error box (Castro-Tirado et al. 1997; Frail et al. 1997a) .
The third burst detected by BeppoSAX was even more significant: this was seen 1997 February 28.124 (GRB 970228; Costa et al. 1997b; Hurley et al. 1997c ). The burst gave an error circle with a 3Ј radius. A new X-ray source (SAX J0501.7ϩ1146) was found whose flux decayed over a few days (Costa et al. 1997c; Yoshida et al. 1997) . VLA 20 cm radio observations found one radio source inside the 50Љ error circle of SAX J0501.7ϩ1146, but this was outside the GRB error box (Frail et al. 1997b) . Instead, the counterpart appears to be a fading optical source associated with an extended component of currently unknown origin that was found in the overlap of the error boxes to the GRB and SAX J0501.7ϩ1146 (Van Paradijs et al. 1997; Sahu et al. 1997; Galama et al. 1997) .
In § 2 of this Letter, we present our observations of GRB 970111 and GRB 970228 made at 3.5 mm using the BerkeleyIllinois-Maryland Association (BIMA) array. These demonstrate the capabilities of using BIMA for performing counterpart studies. Our BIMA observations of GRB 970508 and their implications will be discussed in a separate paper (Gruendl et al. 1997 ). In § 3 we discuss two completely different models that motivated our original BIMA searches. Finally, in § 4 we discuss our ongoing BIMA program.
BIMA OBSERVATIONS
All the observations were performed with the newly expanded BIMA array located in Hat Creek, California (Welch et al. 1996) . The nine element 6.1 m diameter antennas were in a B configuration for GRB 970111 and a compact C configuration for GRB 970228. The antenna half-power width was 140Љ: the large primary beam and wide spectral bandwidth make BIMA ideal for covering an entire GRB error box. The pointing accuracy was 13Љ rms.
The interferometer data were reduced with the MIRIAD data reduction package (Sault, Teuben, & Wright 1995) . In all the results discussed here, we have compared overlapping fields in the mosaics, and independently looked at the upper and lower sidebands, to test if any of the ?3 deviations were real. All flux densities are accurate to 110%.
GRB 970111
For GRB 970111, the receivers were tuned to a frequency of 85.0 GHz (3.5 mm), with a 1600 MHz total bandwidth. The search area was at a Galactic latitude of 153°, so that confusion due to Galactic emission posed no problem. Observations of Uranus were used to determine a flux of 4.5 H 0.3 Jy for the phase calibrator 3C345.
At the time of our observations, the smallest error box for GRB 970111 was 120Ј ϫ 2#5, which was kindly provided to us by Kevin Hurley. This was half the size of that of Hurley et al. (1997a) and completely contains the final error box of Hurley et al. (1997b) . We covered this entire error box UT 1997 February 10 09Ϻ30 -18Ϻ30 performing an overlapping 46 point mosaic. This is shown in Figure 1 (Plate L1). We conclude that there are no real millimeter sources in the mosaic map with a 1 rms noise of 10 mJy.
On 1997 February 13 09Ϻ30 -19Ϻ00, we performed deeper stares of 4 hr each on VLA J1528.7ϩ1945 and the uncataloged radio source VLA J1528.5ϩ1948 that was outside the burst error box (Frail et al. 1997a ). We found no millimeter sources in the two stare maps with a 1 rms noise of 1.4 mJy.
GRB 970228
For GRB 970228, we significantly reduced the delay between the burst and the BIMA observations to 11 week. A preliminary report was given in Smith et al. (1997a) . The search area was at a Galactic latitude of about Ϫ18°, so that confusion due to Galactic emission posed no problem.
On 1997 March 6 00Ϻ30 -04Ϻ00, we made a 19 point mosaic covering the GRB error box (Costa et al. 1997b ) at a frequency of 85.0 GHz (3.5 mm), with a 1600 MHz total bandwidth. The mosaic is shown in Figure 2 (Plate L2). The central region with a radius of 12Ј was well sampled, and there are no real sources in this region with a 1 rms noise of 5.5 mJy. The fading optical counterpart was close to the 3Ј edge of the GRB error box. Although this was not near the center of any of the beams, this location was covered by three of the mosaic fields. There is no evidence for a source there.
On 1997 March 6 23Ϻ00 to March 7 06Ϻ30, we performed a deep stare centered on the VLA source (Frail et al. 1997b ) at a frequency of 86.4 GHz (3.5 mm), with a 1600 MHz total bandwidth. The result is shown in Figure 3 (Plate L3). No significant source was detected there or anywhere else inside the X-ray error box of SAX J0501.7ϩ1146 (Costa et al. 1997c ) with a 1 rms of 1.2 mJy. Just outside this error box is an apparent 4 detection. The noise in this observation is well fitted by a normal distribution (reduced 2 ϭ 0.425 for 15 degrees of freedom). Comparing the sizes of the synthesized and primary beams, we find there are 155 independent measurements in the map, and the probability that there will either be a signal of more than 4 or less than Ϫ4 in the map because of random noise is 0.0098. Maps made independently from the upper and lower sidebands both appear to have a source at this location, but in the upper sideband it is present only with a 2 confidence. Thus, we cannot unambiguously verify that it is real.
THEORETICAL MODELS
In conjunction with the observations at other wavelengths, studying fading millimeter counterparts to the bursters can greatly help in distinguishing between the possible types of models. Our BIMA program was originally motivated by two classes of models. While more refined models are currently being developed to explain the latest optical and X-ray counterpart observations, the predictions from these original models should still be generally applicable for the longer wavelength emissions.
Compton Cooling Models
Detailed studies of the evolution of the gamma-ray spectra of bursts has resulted in the recent discoveries of common underlying trends in the hardness decay of individual pulses within bursts (Liang & Kargatis 1996; Crider et al. 1997) . This led to an emission model that predicts that there should be a fading multiwavelength counterpart (Liang et al. 1997) . We stress that to first order this picture for the multiwavelength afterglow does not depend on whether the plasma is stationary (e.g., Galactic halo models) or has a bulk relativistic motion (e.g., cosmological scenarios). At late times during and soon after the burst, the radio-gamma-ray continuum is likely produced by Comptonization of self-absorbed synchrotron photons. Initially, the counterpart flux density is expected to peak in the tens to thousands of gigahertz region (Liang et al. 1997) . As the source dims with age, the leptons cool. The model predicts that the longer wavelength photon fluxes should decay as 1(time)
Ϫ1Ϫ⑀
, where ⑀ is a small bolometric correction depending on the specific band. The peak of the multiwavelength spectrum will also evolve to lower frequencies as the peak amplitude fades.
Our fits to the Burst and Transient Source Experiment (BATSE) gamma-ray spectra of GRB 970111 show that the BATSE data alone do not tightly constrain the spectral parameters. Equally good fits can be obtained with slightly different Thomson depths. However, they lead to significantly different predictions for the longer wavelength spectrum of the fading counterpart. At 85 GHz, the expected flux density at the end of the burst could lie between 1100 mJy and 10 Jy. However, the longer wavelength radio emission is likely to be fainter, because of self-absorption.
GRB 970228 was not observed by BATSE. However, using a 11͞(time) decay for the X-ray and optical transient and assuming a power-law spectrum based on the reported fluxes, we estimate that the 3.5 mm flux density would have been 10.4 mJy 1 week after the burst, consistent with our BIMA upper limit. Extrapolating this power-law spectrum to the radio and comparing with the lack of radio detections at 21 hr after the burst (Frail et al. 1997b) shows that the peak of the multiwavelength spectrum for the burst was at a frequency significantly above 5 GHz at that time.
Relativistic Fireball Models
The detailed multiwavelength predictions of the fireball models depend on many assumptions such as the poorly understood physics of the relativistic shocks, the amount of beaming in the burst, and the medium surrounding the burst (e.g., Paczyński & Rhoads 1993; Katz 1994; Mészáros & Rees 1997; Piran 1997 ). However, a result common to the models is that the emission will likely be reduced at the longer radio wavelengths because of self-absorption. For example, Mészáros & Rees (1997) considered five different fireball models. In all cases, the frequency at which the self-absorption and the synchrotron peak become equal is 1100 GHz. However, the flux at this time and the time dependence of the decay differ significantly between the models. The simplest impulsive model without a reverse shock (type a1), and the simplest wind model (type b1) both predict little multiwavelength emission. These are therefore not appropriate for GRB 970228. More complicated impulsive models that include a reverse shock (types a2 and a3) predict a flux density of 13 mJy at 85 GHz for a burst that is just above the BATSE threshold: for the brighter BeppoSAX bursts, the prediction is 10.1-1 Jy. This peak emission occurs hours to several days after the burst. A similar flux density is predicted for the more complicated wind models (type b2), but the emission probably drops rapidly within minutes to hours.
ONGOING BIMA OBSERVATIONS
We have demonstrated that it is possible to use BIMA to map the entire error box of a sufficiently well localized burst to a 1 sensitivity of 15 mJy. Potentially interesting counterparts can then be monitored down to a 1 sensitivity of 11 mJy. These sensitivities are not as low as can be achieved in the radio region. However, the spectrum of GRB 970228 turned over above the radio region, as expected in the above models, and the measurable BIMA flux densities can be fainter than the values predicted by these models. This makes the millime-ter region a promising place to perform searches, in addition to those at longer wavelengths.
The BIMA sensitivities are significantly lower than those in the only other counterpart study carried out so far in the millimeter region. With the Cosmic Background Explorer (COBE), one or two burst locations per year were observed at 31, 53, and 90 GHz (Bontekoe et al. 1995; Schaefer et al. 1995; Stacy et al. 1996) . The COBE observations could take place during the burst or within a minute of it, in addition to performing delayed searches, and COBE was not restricted to having a small error box for the burst. However, the COBE sensitivity is 110 -100 kJy for prompt searches (Bontekoe et al. 1995) , and 1100 -1000 Jy for the integrated delayed emission (Schaefer et al. 1995) .
It was unfortunate that there was a significant delay between the bursts and our BIMA observations of GRB 970111 and GRB 970228. For GRB 970508, we reduced the delay between the burst and our first observation to 1.2 days (Smith et al. 1997b; Gruendl et al. 1997) . Our program of BIMA burst studies is continuing. We expect that a few bursts per year will be localized by BeppoSAX or RXTE and will be observable by BIMA, preferably (although not necessarily) with a couple of hours of nighttime observing and in a region that avoids bright Galactic emission.
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